Summary. The progression of 3H-labelled spermatozoa (thymidine or arginine) was followed through the tracts of unilaterally vasectomized, bilaterally vasectomized, oligozoospermic (t6/tw5) and normal mice; the regional lymph nodes were also investigated. The same rate of sperm production and transport was found in normal and in vasectomized tracts, down to the corpus epididymidis; there was some delay in spermatozoa entering the cauda in the vasectomized tracts. In the mouse, therefore, vasectomy does not affect the rates of sperm production or transport until just before the blockage in the swollen cauda epididymidis. Radioactivity appeared in the caudal and 'paraaortic' lymph nodes as the radioactive spermatozoa passed from the corpus, showing that this is one route of disposal of spermatozoa, or of sperm products, after vasectomy.
Introduction
Many authors have used radiolabelled spermatozoa to show the duration of normal epididymal transport (Orgebin-Crist, 1965; Fulka, Kopecny & Koefoed-Johnson, 1971 ; Dadoune & Alfonsi, 1984) , but the passage of labelled spermatozoa in the tracts of vasectomized animals has not been investigated. Vasectomy is a common clinical practice with few unwanted sequelae. Spermatogenesis continues after vasectomy (Lepow & Crozier, 1979; Howards, Flickinger, Noller & Panko, 1979; Flickinger, 1981; Ball & Setchell, 1983) , but there has been little investigation of the rate of spermatogenesis or of sperm transport after vasectomy.
The mechanisms of sperm disposal after vasectomy are still uncertain. Ball, Naylor & Mitchinson (1982) reported large numbers of spermatozoa (as sperm heads) in the para-aortic lymph nodes of a vasectomized man, and referred to similar but unpublished observations in mice. Ball & Setchell (1983) , using unilaterally vasectomized rams and boars, found whole spermatozoa in the regional lymph nodes and vessels on the vasectomized side, and in one animal on the normal side. Even during normal spermatogenesis and passage through the male tract there is considerable cell loss (Cooper & Hamilton, 1977; Johnson, Petty & Neaves, 1983) ; more loss occurs in some oligozoo¬ spermic males (Tucker, 1980; Hillman & Nadijcka, 1980) . Whatever disposal mechanisms occur naturally, e.g. phagocytosis (Bernard, 1984) or lysis of spermatozoa (Jean et al., 1979) , it is import¬ ant to discover whether vasectomy exploits this physiological disposal route or whether it initiates new mechanisms usually considered as pathology, such as granulomata (Lepow & Crozier, 1979 (Tucker, 1980 (Rogers, 1979 (Rogers, 1979) , and the DNA/protein fraction of the remaining portion was extracted by the method described by Munro & Fleck (1966) . The radioactivity in this fraction, and of the washings (supernatants) during the extraction procedure, was estimated by liquid scintillation counting. A 0-5 ml aliquant of each sample was placed in a scintillation vial with 9 ml Fisofluor 1 (Fisons Ltd, Loughborough, U.K.), left in the dark for 24 h and then the pH was adjusted to neutral by adding 5 drops of 4 N-HN03. Counting was carried out on a Philips PW470 liquid scintillation counter using the external standards programme and 5 pre-count standard samples. Two 0-5 ml values were recorded. In Exps 2, 3 and 4 the lymph nodes were identified by injecting 0-2 ml 10% Evans Blue (Ball & Setchell, 1983) into the footpads of 10 mice which were being killed for other purposes. In Exp. 2 the caudal lymph node, and pairs of iliac, renal and inguinal lymph nodes of each mouse were dissected out (Tilney, 1971) (Fig. 2) , and a maximum appeared in the corpus epididymidis on Day 5 (Fig. 2) . (Fig. 4) (Fig. 5) , and no mice showed radioactivity in the vas.
The (half) caudal lymph nodes of normal, unilaterally vasectomized and bilaterally vasecto¬ mized mice had a peak of radioactivity about Days [27] [28] (Fig. 6) . The iliac and renal lymph nodes of these mice showed a general increase in the levels of radioactivity after Days 26-27, but there was again much variation; the renal nodes of normal mice showed more radioactivity than did those of bilaterally vasectomized mice. In the caudal and iliac lymph nodes of the (old) oligozoospermic mice there was a general decrease in the level of radioactivity over this period, from the first measurement, at Day 24.
Many whole spermatozoa were seen in the tract smears and autoradiographs of normal or vasectomized mice, but very few whole spermatozoa were seen in the reproductive tracts of oligozoospermic mice, especially from the older males. No whole spermatozoa were observed in any of the autoradiographs of the caudal lymph nodes of any mice, but cells with a cluster of silver grains above them were seen in nodes of all categories of mice injected with the tritium label. Many more of these labelled cells were seen on the autoradiographs when scintillation counts were highest, and this was when labelled spermatozoa were found along the epididymis. Some cells, which could well be spermatids (stained with PAS), were observed in the caudal lymph nodes from oligozoospermic mice, but no silver grain concentrations were found over these. It was very difficult to recognize or to exclude sperm heads in sections of lymph nodes, even by use of a variety of optical techniques. 
Discussion
The results show clearly that labelled spermatozoa pass at about the same rate through normal and vasectomized mouse tracts down to the cauda, and that this 3H-label is translocated to the lymph nodes not only in vasectomized and oligozoospermic mice but also in normal mice. Our minimal use of experimental animals was effective; it seems reasonable to assume that the succession of measurements does nearly always reflect the changing levels of radioactivity in the organs of an individual animal. By isolating the DNA/protein fraction, and washing off the free radioactivity in the process, we can be sure that the radioactivity being counted was in this fraction and was not small-molecule products of degradation.
The appearance of labelled spermatozoa on autoradiographs from the tracts correlated with raised scintillation counts from solubilized organs, thus confirming that these counts were detecting labelled spermatozoa. Fig. 2; Fig. 5 ). Vasectomy therefore does not affect the rate of passage from the testes, because injected label appears in the caput at the expected (normal) time. It is not possible to determine directly whether testicular sperm production is affected, but other studies in progress show that daily sperm production rates are not affected at 6 weeks after vasectomy, although they are at 6 months after operation (data not presented). The present results show that transport as far as the cauda epididymidis is not greatly affected.
Radioactivity in the lymph nodes is likely to be from whole sperm heads, or at least largemolecule sperm products, because the radioactivity was in the DNA/protein fraction. Also, the pattern was similar when thymidine or arginine was used as tracer, and these do not share degradation or large-molecule breakdown pathways. That the radioactivity in nodes was due to spermatozoa and not to intrinsic uptake of the labels is shown by the low post-injection levels in the nodes, before labelled spermatozoa were in the tract. Radioactivity increased in these nodes only when labelled spermatozoa appeared in the tract, at about the time when they were in the corpus epididymidis. No whole sperm heads were identified unambiguously in the autoradiographs of the caudal node; this may have been due to the rapid dissolution of spermatozoa (Ball, Scott & Mitchinson, 1984) , or simply to the difficulty of identification. We therefore refer to radioactivity in the lymph nodes as spermatozoa/sperm products although it is possible that, as in the ram and boar, whole spermatozoa are translocated (Ball & Setchell, 1983) . Normal mice also showed the translocation very clearly, and so the disposal of spermatozoa/sperm products via the lymphatic system is not a special pathway brought into play after vasectomy, but occurs in normal mice and is further exploited after vasectomy (however, see Ball & Setchell, 1983 (Fig. 6) , and the total sperm numbers in the tract segments, we can obtain figures for sperm radioactivity to be compared with radioactivity levels in the lymph nodes. We have calculated that, very approximately, 11 % of the 3-day production is found in the nodes of normal mice, 12% in unilaterally vasectomized mice and about 15% in bilaterally vasectomized mice. We do not consider these figures to be more than order-of-magnitude estimates, but the internal consistency of our results justifies the arithmetic.
However, inconsistent results were obtained with the oligozoospermic mice. This is completely explicable by the difference in age of oligospermic males used in Exps 2 & 3 (Hillman & Nadijcka, 1980) . In the older males in Exp. 4 fewer spermatozoa were found in the tract and more radio¬ activity in the lymph nodes, so perhaps more spermatozoa (and perhaps even spermatids) were being lost from the testis/tract into the lymph nodes; a higher degree of résorption in the testis of older males was also reported by Dooher, Berry, Artzt & Bennett (1981) . The earlier appearance of radioactivity in the caudal nodes of these mice might be due to such loss of spermatozoa/ radioactivity from the testes as well as the epididymides.
This normal physiological diversion of sperm products from the male tract into the lymph system is likely to stimulate immunological responses. After vasectomy, the production of autoantibodies to spermatozoa is said to be common and has been blamed for continued infertility after successful vasovasostomy (Plymate, Fariss & Smith, 1983; Parslow, Royle, Kingscott, Wallace 
